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(54) Optical digital communication method and apparatus 



(57) The object of the present invention lies in pro- 
viding an optical digital communication method and an 
optical digital communication apparatus capable of re- 
ducing the influence of disturbance light noises and of 
increasing the communication distance. In a transmis- 
sion unit 80 of an optical digital communication appara- 
tus, two different light emitting elements 14A and 14B 
are activated in response to a digital signal DS1 to be 
transmitted and to a digital signal DS1' obtained by in- 
verting the digital signal DS 1 . Output lights from the light 
emitting elements 14Aand 14Bare converted into two 
linearly polarized lights having different planes of polar- 
ization and then into two circularly polarized lights or el- 
liptically polarized lights for the radiation into the air. In 
a reception unit 90 of the optical digital communication 
apparatus, two different linearly polarized lights are re- 
generated from the two circularly polarized lights or el- 
liptically polarized lights radiated from the transmission 
unit 80 on another optical digital communication appa- 
ratus to communicate therewith. Two different light re- 
ceiving elements 1 3A and 1 3B receive the two different 
linearly polarized lights to generate two electric signals 
DS2 and DS2'. A subtracter 91 obtains a difference in 
level between the two electric signals DS2 and DS2' to 
generate an electric signal DS3, and a digital signal to 
be transmitted is acquired from said signal DS3. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to an optical 
digital communication method and apparatus using light 
for the transmission/ reception of digital data. 

2. Description of the Related Art 

The existing optical digital communication appara- 
tus using light for the communication of digital data com- 
prises a transmission unit and a reception unit. The 
transmission unit includes infrared LEDs or laser diodes 
which are activated by digital electric signals corre- 
sponding to digital data to be transmitted and which 
send out infrared signals in response to the digital data 
into the external space. 

The reception unit on the optical digital communi- 
cation apparatus includes infrared rays receiving ele- 
ments such as photodiodes for receiving the infrared 
signals sent out from the transmission unit on another 
optical digital communication apparatus to communi- 
cate therewith, to convert them into analog electric sig- 
nals. In the reception unit, the thus obtained analog elec- 
tric signals are amplified and then converted by, e.g., 
comparators into digital signals to regenerate the digital 
data. 

The optical digital communication apparatus for dig- 
ital data communication using infrared rays typically per- 
forms module-to-module communication, each module 
incorporating both the transmission unit and the recep- 
tion unit. However, communication may possibly be per- 
formed between a module including only the transmis- 
sion unit and another module including only the recep- 
tion unit. 

In the case where the signals are transmitted 
through the space using light such as infrared rays, typ- 
ical measures for increasing the transmission distance 
is to increase the intensity of the signal light by condens- 
ing the light onto a light receiving face of a light receiving 
element 22 by a lens 21 as shown in Fig. 2. 

Another example may include use of a reflector 31 
having a parabolic face as shown in Fig. 3, through 
which an incident light is condensed onto the light re- 
ceiving face of a light receiving element 32 to thereby 
add to the intensity of the signal light. 

However, one of the restrictive factors in the com- 
munication distance is a disturbance light noise. For in- 
stance, the disturbance light noise associated with the 
infrared digital data communication includes sunlight, 
radiation from an incandescent light or radiation from a 
fluorescent light. 

In order to reduce the influence of such a distur- 
bance light noise, the reception unit of the optical digital 
communication apparatus takes various measures 



Principal measures taken in the reception unit includes 
optically provision of an optical filter and positional ad- 
justment of the light receiving element, and includes 
electrically use of a filter. 

5 However, these measures merely prevent any dis- 

turbance light noise from being taken in by shielding or 
filtering or otherwise intend to remove the once taken- 
in disturbance noise by an electric filter, so that they 
have never succeeded in completely eliminating the dis- 

10 turbance light noise. For this reason, up until now the 
disturbance light noise is still a major restrictive factor 
in the communication distance. 

The above condensing method using a lens or a re- 
flector has entailed the following deficiencies. 

75 For instance, as shown in Figs. 4A and 4B, when a 
light source on the transmission side moves from its nor- 
mal position to another position, a condensed spot SP 
on the light receiving elements 22 and 32 on the recep- 
tion side is also displaced in accordance with the con- 

20 densing power. Therefore, when the distance of move- 
ment of the light source is long, the condensed spot may 
not fall on the light receiving face of the light receiving 
elements 22 and 32, making it impossible to enhance 
the condensing ratio. 

25 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an optical digital communication method and an 
30 optical digital communication apparatus capable of ac- 
complishing a reduction in the influence of disturbance 
light noises and an increase in the communication dis- 
tance. 

In order to achieve the above object, a first aspect 

35 of the present invention provides an optical digital com- 
munication method comprising the step of, on a trans- 
mission side, activating a light emitting element by a dig- 
ital electric signal to be transmitted, and converting an 
output light from the light emitting element into a linearly 

40 polarized light having a predetermined plane of polari- 
zation for the radiation into the air; and on a reception 
side, receiving the linearly polarized light radiated from 
the transmission side and another linearly polarized light 
having a plane of polarization normal to that of the first 

45 polarized light with two different light receiving elements 
correspondingly provided, and obtaining a difference in 
level between two different electric signals derived from 
the two different light receiving elements to acquire the 
digital electric signal to be transmitted. 

so On the transmission side, according to the above 
optical digital communication method, a light emitting el- 
ement is activated by a digital signal to be transmitted, 
and an output light from the light emitting element is ra- 
diated into the air in the form of a linearly polarized light 

55 having a predetermined plane of polarization. On the re- 
ception side, the linearly polarized light radiated from 
the transmission side and another linearly polarized light 
having a plane of polarization normal to that of the first 
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polarized light are exclusively received by two different 
light receiving elements which is correspondingly pro- 
vided, and a difference in level is found between two 
electric signals derived from the two light receiving ele- 
ments to acquire the digital signal to be transmitted. This 
ensures an acquisition of the digital signal to be trans- 
mitted free from the disturbance light noises input in 
common to the two light receiving elements. 

Another optical digital communication method in- 
cludes, on the transmission side of the optical digital 
communication apparatus, activating two different light 
emitting elements respectively by a digital signal to be 
transmitted and by an inverted digital signal obtained as 
a result of the inversion of the digital signal to be trans- 
mitted and converting respective output lights from the 
two light emitting elements into respective linearly po- 
larized lights for the subsequent radiation into the air, 
and on the reception side of the optical digital commu- 
nication apparatus, receiving by the two different light 
receiving elements only the two linearly polarized lights 
radiated from the transmission side and finding a differ- 
ence in level between two electric signals derived from 
the two receiving elements to acquire the digital signal 
to be transmitted. 

On the transmission side, according to this optical 
digital communication method, the two different light 
emitting elements are activated respectively by a digital 
signal to be transmitted and by an inverted digital signal 
obtained as a result of inversion of the digital signal to 
be transmitted, and output signals from the two light 
emitting elements are respectively converted into two 
different linearly polarized tights and then radiated into 
the air. 

On the reception side, only the two different linearly 
polarized lights radiated from the transmission side are 
received respectively by the two different light receiving 
elements. A difference in level is then found between 
the two electric signals derived from the two light receiv- 
ing elements to acquire the digital signal to be transmit- 
ted which has been sent out from the transmission side. 
This ensures an acquisition of the digital signal to be 
transmitted free from the disturbance light noises input 
in common to the two light receiving elements. 

Accordingly, the disturbance light noise compo- 
nents input equally to the two light receiving elements 
are eliminated by obtaining a difference in level between 
the two output signals derived from the two light receiv- 
ing elements, so that the obtained digital signal results 
in an electric signal having a level equal to the sum of 
the two electric signal levels output from the two light 
receiving elements. It is thus possible to acquire only 
the digital signal to be transmitted with the disturbance 
light noises eliminated, accomplishing a remarkable re- 
duction in the influence of the disturbance light noises 
and an increase in the transmission distance as com- 
pared with the conventional techniques. 

A further optical digital communication method in- 
cludes radiating from the transmission side the linearly 



polarized light in the form of a circularly polarized light 
or an elliptically polarized light, and on the reception 
side, converting the circularly polarized light or the ellip- 
tically polarized light into a linearly polarized light for re- 
5 ception. 

More specifically, the transmission side activates 
the light emitting element by a digital signal to be trans- 
mitted, converts an output light from the light emitting 
element into a linearly polarized light having a predeter- 

10 mined plane of polarization and then through the wave- 
length plate into a circularly polarized light or an ellipti- 
cally polarized light for the radiation into the air. The re- 
ception side converts the circularly polarized light or the 
elliptically polarized light radiated from the transmission 

is side into a linearly polarized light through the wave- 
length plate, and allows the linearly polarized light ob- 
tained through the wavelength plate and another linearly 
polarized light having a plane of polarization normal to 
that of the first linearly polarized light to be received by 

20 ihe two different light emitting elements which is corre- 
spondingly provided, and finds a difference in level be- 
tween the two electric signals derived from the two light 
receiving elements to acquire the digital signal to be 
transmitted. 

25 On the transmission side, according to this commu- 

nication method, one light emitting element for instance 
is activated by a digital signal to be transmitted and an 
output light from the light emitting element is converted 
into a linearly polarized light having a predetermined 

30 plane of polarization and then through the wavelength 
plate such as e.g., a quarter or 1/5 wavelength plate into 
a circularly polarized light or an elliptically polarized light 
for the radiation into the air. On the reception side, the 
circularly polarized light or the elliptically polarized light 

35 radiated from the transmission side is converted through 
the wavelength plate into a linearly polarized light which 
is received through the linearly polarizer by one .of the 
light receiving element. Simultaneously, another linearly 
polarized light having a plane of polarization normal to 

40 that of the first linearly polarized light is received by the 
other light receiving element. A difference in level is then 
found between the two electric signals derived from the 
two light emitting elements to acquire the digital signal 
to be transmitted. As a result of this, the signal light prop- 

45 agates through the space in the form of a circularly po- 
larized light or an elliptically polarized light, thus ensur- 
ing a prevention of any variation in the receive level due 
to respective rotation angles of the transmission side 
and the reception side, as well as ensuring an acquisi- 

so tion of the digital signal to be transmitted free from any 
disturbance light noises input in common to the two light 
receiving elements. 

On the transmission side, according to a further op- 
tical digital communication method, the two different 

55 light emitting elements are activated respectively by a 
digital signal to be transmitted and by an inverted digital 
signal obtained as a result of inversion of the digital sig- 
nal to be transmitted. Output lights from the light emitting 
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elements are converted into linearly polarized lights and 
then through the wavelength plates such as e g , quarter 
or 1/5 wavelength plates into circularly polarized lights 
or elliptically polarized lights having respective different 
directions of rotation and are radiated into the air. 

On the reception side, the circularly polarized lights 
or the elliptically polarized lights radiated from the trans- 
mission side on another optical digital communication 
apparatus to communicate therewith are converted 
through the wavelength plates into two linearly polarized 
lights which are exclusively received by the two different 
light receiving elements. A difference in level is then 
found between the two electric signals derived from the 
two light emitting elements to acquire the digital signal 
to be transmitted which has been delivered from another 
optical digital communication apparatus to communi- 
cate therewith. 

As a result of this, the signal light propagates 
through the space in the form of a circularly polarized 
light, thus ensuring a prevention of any variation in the 
receive level due to respective rotation angles of the 
transmission side and the reception side, as well as en- 
suring an acquisition of the digital signal to be transmit- 
ted free from any disturbance light noises input in com- 
mon to the two light receiving elements. 

Accordingly, since the signal light propagates 
through the space in the form of a circularly polarized 
light or an elliptically polarized light, there can be pre- 
vented any variation in receive level due to respective 
rotation angles of the transmission side and the recep- 
tion side. 

Furthermore, the above optical digital communica- 
tion method employs infrared rays as the lights for use 
in the communication. 

This reduces the attenuation in the air as compared 
with the case of using a visible light for the communica- 
tion, achieving an effective communication free from 
any malfunction. 

In order to implement the above optical digital com- 
munication method, a second aspect of the present in- 
vention provides an optical digital communication appa- 
ratus having a transmission unit for issuing an optical 
signal corresponding to a digital electric signal to be 
transmitted and a reception unit for receiving the optical 
signal for the conversion into a digital electric signal, 
wherein the transmission unit comprises a light emitting 
element for emitting a light in response to the digital 
electric signal, and a first linearly polarizer provided on 
the light emitting element at its light output side, and 
wherein the reception unit comprises first and second 
light receiving elements for receiving lights to convert 
them into electric signals; a second linearly polarizer 
provided on the first light receiving element at its light 
input side, for detecting a light emitted from the first light 
emitting element; a third linearly polarizer provided on 
the second light receiving element at its light input side, 
the third linearly polarizer allowing a passage of a line- 
arly polarized light having a plane of polarization normal 



to the plane of polarization of a linearly polarizing light 
passing through the second linearly polarizer and a 
subtracter for receiving electric signals derived from the 
first and second light receiving elements to generate a 
5 difference in level between the electric signals. 

In the transmission unit, according to this optical 
digital communication apparatus, the light emitting ele- 
ment receives a digital signal to be transmitted and 
emits a light in response to the digital signal. The light 

10 emitted from the light emitting element is converted 
through the first linearly polarizer into a linearly polar- 
ized light and then is radiated into the air 

In the reception unit on the other hand, the light ra- 
diated through the first linearly polarized plate traverses 

15 the second linearly polarizer into the first light receiving 
element. A linearly polarized light having a plane of po- 
larization normal to the plane of polarization of the line- 
arly polarized light passing through the second linearly 
polarizer, among the disturbance lights scattering in the 

20 space, is allowed to traverse the third linearly polarizer 
into the second light receiving element. 

The first and second light receiving elements con- 
vert the incident lights into electric signals, which are fed 
to the subtracter The subtracter obtains a difference in 

2S level between the two input electric signals to generate 
as its output an electric signal having a level of that val- 
ue. 

This enables the subtracter to eliminate the distur- 
bance light noise components equally input to the first 
30 and second light receiving elements. Furthermore, the 
electric signal derived from the first light receiving ele- 
ment is in phase with the digital signal to be transmitted 
and the electric signal derived from the second light re- 
ceiving element contains only the disturbance light com- 
35 ponents, so that obtaining a difference in level between 
the two electric signals results in an acquisition of an 
electric signal in phase with the digital signal to be trans- 
mitted and having an electric signal level output from the 
first light receiving element. 
40 A third aspect of the present invention provides an 

optical digital communication apparatus having a trans- 
mission unit for issuing an optical signal corresponding 
to a digital electric signal to be transmitted and a recep- 
tion unit for receiving the optical signal for the conver- 
ts sion into a digital electric signal, wherein the transmis- 
sion unit comprises a light emitting element for emitting 
a light in response to the digital electric signal; a first 
linearly polarizer provided on the light emitting element 
at its light output side, and a first wavelength plate for 
50 receiving a linearly polarized light output from the first 
linearly polarizer to generate a circularly polarized light 
or an elliptically polarized light as its outputs; and where- 
in the reception unit comprises a second wavelength 
plate for receiving a circularly polarized light or an ellip- 
55 tically polarized light output from the first wavelength 
plate to generate a linearly polarized light as its output; 
a second linearly polarizer arranged to allow a passage 
of only a linearly polarized light outpul from the second 
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wavelength plate; a third wavelength plate for receiving 
a circularly polarized light or an elliptically polarized light 
having a plane of polarization whose direction of rotation 
differs from that of the plane of polarization of a circularly 
polarized light or an elliptically polarized light output 
from the first wavelength plale, to generate a linearly 
polarized light as its output; a third linearly polarizer ar- 
ranged to allow a passage of only a linearly polarized 
light output from the third wavelength plate; a first light 
receiving element for receiving a linearly polarized light 
output from the second linearly polarizer to convert it 
into an electric signal; a second light receiving element 
for receiving a linearly polarized light output from the 
third linearly polarizer to convert it into an electric signal; 
and a subtracter for receiving electric signals derived 
from the first and second light receiving elements to gen- 
erate as its output a difference in level between the elec- 
tric signals. 

In the transmission unit, according to this optical 
digital communication apparatus, the light emitting ele- 
ment receives a digital signal to be transmitted and 
emits a light in response to the digital signal. The light 
emitted from the light emitting element is converted 
through the first linearly polarizer into a linearly polar- 
ized light and then through the first wavelength plate 
such as the quarter or 1/5 wavelength plate into a circu- 
larly polarized light or an elliptically polarized light for 
the radiation into the air- 
In the reception unit on the other hand, the circularly 
polarized light or the elliptically polarized light radiated 
through the first linearly polarizer and the first wave- 
length plate is converted through the second wave- 
length plate into a linearly polarized light, which travers- 
es the second linearly polarizer into the first light receiv- 
ing element. Furthermore, a circularly polarized light or 
an elliptically polarized light haying a plane of polariza- 
tion whose direction of rotation is different from that of 
the plane of polarization of the circularly polarized light 
or the elliptically polarized light radiated from the first 
wavelength plate, among the disturbance lights scatter- 
ing in the space, passes through the third wavelength 
plate to be converted into a linearly polarized light, which 
traverses the third linearly polarizer into the second light 
receiving element. 

The first and second light receiving elements con- 
vert the incident lights into electric signals, which are fed 
to the subtracter. The subtracter obtains a value of dif- 
ference in level between the two input electric signals to 
generate as its output an electric signal having a level 
of this value. 

This enables the subtracter to eliminate the distur- 
bance light noise components input equally to the first 
and second light receiving elements. The electric signal 
derived from the first light receiving element is in phase 
with the digital signal to be transmitted and the electric 
signal derived from the second light receiving element 
contains only the disturbance light components, so that 
obtaining a difference in level between the two electric 



signals results in an acquisition of an electric signal in 
phase with the digital signal to be transmitted and having 
the electric signal level derived from the first light receiv- 
ing element. Moreover, since the signal light propagates 
5 through the space in the form of a circularly polarized 
light or an elliptically polarized light, any variation in re- 
ceive level due to respective rotation angles of the trans- 
mission unit and the reception unit can be prevented 
A fourth aspect of the present invention provides an 

io optical digital communication apparatus having a trans- 
mission unit for delivering into the space an optical sig- 
nal corresponding to a digital electric signal to be trans- 
mitted and a reception unit for receiving an optical signal 
from the space to convert it into a digital electric signal, 

'5 wherein the transmission unit comprises a first light 
emitting element for emitting a light in response to a dig- 
ital electric signal to be transmitted; a NOT circuit for 
inverting the digital electric signal; a second light emit- 
ting element for emitting a light in response to a digital 

20 electric signal which has been inverted by the NOT cir- 
cuit; a first linearly polarizer for receiving a light emitted 
from the first light emitting element to generate a linearly 
polarized light as its output; and a second linearly polar- 
izer for receiving a light emitted from the second light 

2S emitting element to generate as its output a linearly po- 
larized light having a plane of polarization different from 
the plane of polarization of a linearly polarized light out- 
put from the first linearly polarizer; and wherein the re- 
ception unit comprises first and second light receiving 

30 elements for receiving lights to convert them into electric 
signals; a third linearly polarizer provided on the first 
light receiving element at its light input side, the third 
linearly polarizer allowing a passage therethrough of a 
linearly polarized light output from the first light emitting 

35 element; a fourth linearly polarizer provided on the sec- 
ond light emitting element at its light input side, the 
fourth linearly polarizer allowing a passage through of a 
linearly polarized light output from the second light emit- 
ting element; and a subtracter for receiving electric sig- 

40 nals derived from the first and second light receiving el- 
ements to generate as its output a difference in level 
between the electric signals. 

According to this optical digital communication ap- 
paratus, the disturbance light noise components input 

45 equally to the first and second light receiving elements 
are eliminated by the subtracter, which generates as its 
output an electric signal in phase with the digital electric 
signal to be transmitted and having a level equal to the 
sum of the electric signal levels derived from the first 

so and second light receiving elements, thus making it pos- 
sible to acquire only the digital electric signal to be trans- 
mitted with the disturbance light noises eliminated and 
hence to accomplish a remarkable reduction in influ- 
ence of the disturbance light noises as well as an in- 

55 crease in the communication distance as compared with - 
the conventional apparatuses. 

A fifth aspect of the present invention provides an 
optical digital communication apparatus having a trans- 
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mission unit for delivering into the space an optical sig- 
nal corresponding to a digital electric signal to be trans- 
mitted and a reception unit for receiving an optical signal 
from the space to convert it into a digital electric signal, 
wherein the transmission unit comprises a first light 
emitting element for emitting a light in response to a dig- 
ital electric signal to be transmitted; a NOT circuit for 
inverting the digital electric signal; a second light emit- 
ting element for emitting a light in response to a digital 
electric signal which has been inverted by the NOT cir- 
cuit; a first linearly polarizer for receiving a light emitted 
from the first light emitting element to generate a linearly 
polarized light as its output; a first wavelength plate for 
receiving a linearly polarized light output from the first 
linearly polarizer to generate a circularly polarized light 
or an elhptically polarized light as its output; a second 
linearly polarizer for receiving a light emitted from the 
second light emitting element to generate a linearly po- 
larized light as its output; and a second wavelength plate 
for receiving a linearly polarized light output from the 
second linearly polarizer to generate as its output a cir- 
cularly polarized light or an elliptically polarized light 
having a plane of polarization whose direction of rotation 
is different from that of the plane of polarization of the 
circularly polarized light or the elliptically polarized light 
output from the first wavelength plate; and wherein the 
reception unit comprises a third wavelength plate for re- 
ceiving a circularly polarized light or an elliptically polar- 
ized light output from the first wavelength plate to gen- 
erate a linearly polarized light as its output; 
a third linearly polarizer arranged so as to allow a pas- 
sage therethrough of only a linearly polarized light out- 
put from the third wavelength plate; a fourth wavelength 
plate for receiving a circularly polarized light or an ellip- 
tically polarized light output from the second wavelength 
plate to generate a linearly polarized light as its output; 
a fourth linearly polarizer arranged so as to allow a pas- 
sage therethrough of only a linearly polarized light out- 
put from the fourth wavelength plate; a first light receiv- 
ing element for receiving a linearly polarized light output 
from the third linearly polarizer to convert it into an elec- 
tric signal; a second light receiving element for receiving 
a linearly polarized light output from the fourth linearly 
polarizer to convert it into an electric signal; and a sub- 
tracter for receiving electric signals derived from the first 
and second light receiving elements to generate as its 
output, a difference in level between the electric signals. 

According to this optical digital communication ap- 
paratus, the optical signal radiated from the transmis- 
sion unit propagates through the space in the form of a 
circularly polarized light or an elliptically polarized light, 
so that there can be prevented any variation in receive 
level due to respective rotation angles of the transmis- 
sion unit and the reception unit. 

The disturbance light noise components input 
equally to the first and second light receiving elements 
are eliminated by the subtracter, which generates as its 
output an electric signal in phase with the digital electric 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



signal to be transmitted and having a level equal to the 
sum of the electric signal levels derived from the first 
and second light receiving elements. 

It is thus possible to acquire only the digital electric 
signal to be transmitted with the disturbance light noises 
eliminated and hence to accomplish a remarkable re- 
duction in influence of the disturbance light noises as 
well as an increase in the communication distance as 
compared with the conventional apparatuses. 

Furthermore, use of the infrared rays as the lights 
for the communication between the transmission unit 
and the reception unit leads to a reduction in attenuation 
in the air as compared with the case of using a visible 
light, and realizes an efficient communication free of any 
malfunction. 

Furthermore, these optical digital communication 
apparatuses are provided with condensers each having 
an exit port where the light receiving element is dis- 
posed. This allows a significant increase in the conden- 
sable angle of incidence on the light receiving element 
as compared with the prior art, resulting in an enlarged 
allowable range of movement of the transmission side 
light source. 

This condenser is shaped into a truncated cone or 
a truncated pyramid having a bottom as the light en- 
trance port and a top as a light exit port which is smaller 
in area than the entrance port, with at least the inside of 
the side faces serving as a light reflective face. 

By virtue of the condenser having such a truncated 
conical shape or truncated pyramidal shape, a light fall- 
ing on the entrance port of the condenser is reflected 
several times on the inside of the side faces of the con- 
denser and gathered into the light exit port, remarkably 
adding to the condensable angle of incidence as com- 
pared with the conventional apparatuses. 

The condenser may be shaped into a truncated 
quadrangular pyramid having square or rectangular en- 
trance and exit ports so that any turbulence of the line- 
arly polarized light within the condenser can be prevent- 
ed, thereby ensuring a reduction of loss attributable to 
a turbulence of the polarized state as well as easy man- 
^ ufacture. 

The condenser may be hollow with the entrance 
port and exit port opened so that a light which has en- 
tered the interior of the condenser through the opened 
entrance port is reflected several times on the inner side 
faces of the condenser and condensed into the opened 
exit port. 

The entire condenser including its interior may be 
made of a translucent material having a predetermined 
refractive index. This type of condenser allows a light 
from the external space falling on the entrance port of 
the condenser to be refracted in conformity with the re- 
fractive index to enter the interior of the translucent ma- 
terial forming the solid condenser. 

Furthermore, since the side faces of the condenser 
serve as a light reflective face due to a difference in re- 
fractive index between the interior of the translucent ma- 
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terial and the external space and due to the angle of 
incident light, the light which has entered the interior of 
the translucent material reflects several times on the 
side faces to exit the exit port, resulting in a remarkable 
increase in the condensable angle of incidence as com- 5 
pared with the prior art. 

The light entrance face of the condenser made of 
the translucent material may be comprised of at least 
one outwardly protruding face whose profile varies in a 
predetermined linear or parabolic form. This condenser ?o 
achieves a larger allowable range of angle of incident 
light and an increased condensable angle of incidence 
as compared with the condenser having the planar light 
entrance face. 

is 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, aspects, features and 
advantages of the present invention will become more 
apparent from the following detailed description in con- 20 
junction with the accompanying drawings, in which: 

Fig. 1 is a perspective view of an optical digital com- 
munication apparatus in accordance with a first em- 
bodiment of the present invention; 25 
Fig. 2 illustrates a condenser of a conventional ex- 
ample; 

Fig. 3 illustrates another condenser of a convention- 
al example; 

Figs. 4A and 4B illustrate problems involved in the 30 
conventional examples: 

Fig. 5 is a perspective view of a condenser provided 
in the optical digital communication apparatus in ac- 
cordance with the first embodiment of the present 
invention; 35 
Fig. 6 illustrates a principal configuration of an elec- 
tric and optical system of the optical digital commu- 
nication apparatus in accordance with the first em- 
bodiment of the present invention; 
Figs. 7A to 7C illustrate condensing actions of the *o 
condenser used in the first embodiment of the 
present invention; 

Fig. 8 illustrates a result of a comparative experi- 
ment on the relation between condensing power 
and the directivity of the condenser used in the first 4 $ 
embodiment of the present invention; 
Fig. 9 is a diagram for explaining the definition of 
the directivity of the condenser used in the first em- 
bodiment of the present invention; 

Fig. 10 illustrates a result of a comparative experi- so 
ment on the condenser for use in the first embodi- 
ment of the present invention; 
Fig. 11 illustrates signal waveforms appearing in the 
first embodiment of the present invention; 
Fig. 1 2 is a circuit diagram of an embodiment of an 55 
electric circuit included in the first embodiment of 
the present invention; 

Fig. 13 is a perspective view of an optical digital 



communication apparatus in accordance with a 
second embodiment of the present invention; 
Fig. 14 illustrates a principal configuration of an 
electric and optical system of the optical digital com- 
munication apparatus in accordance with the sec- 
ond embodiment of the present invention; 
Fig. 15 illustrates another arrangement of wave- 
length plates for use in the second embodiment of 
the present invention 

Fig. 15 is a perspective view of an optical digital 
communication apparatus in accordance with a 
third embodiment of the present invention; 
Fig. 17 illustrates a principal configuration of an 
electric and optical system included in the optical 
digital communication apparatus in accordance 
with the third embodiment of the present invention; 
Fig. 18 illustrates a relation between linearly polar- 
izers and quarter wavelength plates used in the 
third embodiment of the present invention; 
Fig. 1 9 illustrates signal waveforms appearing in the 
third embodiment of the present invention; 
Fig. 20 is a circuit diagram of an embodiment of an 
electric circuit included in the third embodiment of 
the present invention: 

Fig. 21 illustrates a configuration of an optical sys- 
tem included in an optical digital communication ap- 
paratus in accordance with a fourth embodiment of 
the present invention; 

Fig. 22 illustrates a configuration of an optical sys- 
tem included in an optical digital communication ap- 
paratus in accordance with a fifth embodiment of 
the present invention: 

Fig. 23 is a perspective view of an optical digital 
communication apparatus in accordance with a 
sixth embodiment of the present invention; 
Fig. 24 illustrates a principal configuration* of an 
electric and optical system of the optical digital com- 
munication apparatus in accordance with the sixth 
embodiment of the present invention; 
Fig. 25 is a perspective view of an optical digital 
communication apparatus in accordance with a 
seventh embodiment of the present invention; 
Fig. 26 illustrates a condensing action occurring in 
the seventh embodiment of the present invention; 
Figs. 27A and 27B are a side elevational view and 
a perspective view, respectively, of a condenser for 
use in an optical digital communication apparatus 
in accordance with an eighth embodiment of the 
present invention; 

Fig. 28 is a perspective view of a condenser for use 
in an optical digital communication apparatus in ac- 
cordance with a ninth embodiment of the present 
invention; 

Fig. 29 is a perspective view of an optical digital 
communication apparatus in accordance with a 
tenth embodiment of the present invention; 
Fig. 30 is a perspective view of a condenser for use 
in the optical digital communication apparatus in ac- 
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cordance with the tenth embodiment of the present 
invention, 

Fig. 31 illustrates a condensing action occurring in 
the tenth embodiment of the present invention; 
Fig 32 illustrates another example of arrangement s 
of a linearly polarizer for use in the tenth embodi- 
ment of the present invention; and 
Figs. 33 and 34 are diagrams for explaining applied 
examples of the tenth embodiment of the present 
invention. 10 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is now described with refer- is 
ence to the accompanying drawings which illustrate ex- 
emplary embodiments of the invention in a non-limita- 
tive manner. 

Fig. 1 is a perspective view of an optical digital com- 
munication apparatus in accordance with a first embod- 20 
iment of the present invention. As shown, an optical dig- 
ital communication apparatus body (hereinafter, re- 
ferred to as an apparatus body) is generally designated 
at 1 0 and comprises a printed wiring board 1 1 on which 
are mounted condensers 12A and 12B, light receiving 25 
elements 1 3A and 1 3B, a light emitting element 1 4A, an 
interface module 15, a connector 16, casings 17A and 
17b, and linearly polarizers 18A, 18B and 18C. 

The casing 17A includes two windows through 
which external optical signals are received by the tight 30 
receiving elements 13A and 13B, and another window 
through which optical signals emitted from the light emit- 
ting element 14A are delivered to the exterior. Light re- 
ceiving faces of the light receiving elements 13A, 1 3B 
and a light exit face of the light emitting element 1 4A are 35 
provided with the linearly polarizers 1 8A, 18Band 18C, 
respectively, the condensers 12A and 12B being inter- 
posed between the light receiving elements 13A, 13B 
and the two windows associated therewith, respectively. 

The condensers 12A and 12B as shown in Fig. 5 40 
each include an entrance port 12a and an exit port 12b 
which are in the shape of squares corresponding re- 
spectively to the bottom and top of a truncated quadratic 
pyramid whose inner side faces 1 2c are made of a metal 
serving as light reflecting faces. 45 

The entrance port 12a has a longitudinal length La 
of 18mm and a transverse length Lb of 18mm, the exit 
port 12b being 9mm in both longitudinal and transverse 
lengths Lc and Ld, with a distance D of 30 mm between 
the entrance port 12a and the exit port 12b. so 

Fig. 6 illustrates a principal configuration of an elec- 
tric and optical circuit in the optical digital communica- 
tion apparatus of the first embodiment. As shown, the 
optical digital communication apparatus body 10 com- 
prises a transmission unit 80 and a reception unit 90, 55 
the electric circuits of the transmission unit 80 and the 
reception unit 90 being incorporated within the interior 
of the interface module 15 



The transmission unit 80 includes a input terminal 
81 , a driver 83A, the light emitting element 14A and the 
linearly polarizer 18C. 

After having been input to the input terminal 81, a 
digital signal DS1 to be transmitted is fed to the driver 
83A 

On the basis of the input digital signal, the driver 
83A drives the light emitting element 14A connected 
therewith, so that the light emitting element 14A emits 
a light. 

The light emitting element 14A is provided on its 
light output side with the linearly polarizer 18C so that a 
light emitted from the light emitting element 14A passes 
through the linearly polarizer 18C to be delivered to the 
exterior in the form of a linearly polarized light. 

The reception unit 90 on the other hand comprises 
the linearly polarizers 18A and 18B, the light receiving 
elements 1 3A and 1 3B and a subtracter 91 . 

The light receiving elements 1 3A and 1 3B input op- 
tical signals issued from the transmission unit 80 on an- 
other optical digital communication apparatus and con- 
vert them to electric signals DS2 and DS2\ respectively, 
for output. The light receiving element 13A is provided 
on its light input side with the linearly polarizer 18A so 
that the former can detect a linearly polarized light sent 
out through the linearly polarizer 18C provided in the 
transmission unit 80 on the another optical digital com- 
munication apparatus. It is to be noted herein that the 
linearly polarizers 18A and 18B are so arranged that 
planes of polarization of linearly polarized lights passing 
through the plates 18A and 18B can be normal to each 
other, the linearly polarizers 18A and 18B being so set 
as to allow only mutually quite different linearly polarized 
lights to pass therethrough. 

The output electric signals DS2 and DS2' of the two 
light receiving elements 1 3A and 1 3B are fed to the sub- 
tracter 91 . The subtracter 91 generates for instance an 
electric signal DS3 having a voltage level obtained by 
subtracting from a voltage level of the electric signal 
DS2 issued from the light receiving element 1 3A on one 
hand, a voltage level of the electric signal DS2' issued 
from the light receiving element 1 3B on the other hand. 

According to the thus configured optical digital com- 
munication apparatus, a signal light emitted from the 
light emitting element 14A passes through the linearly 
polarizer 18C and is sent out through the window in the 
casing 1 7A to the external space outside the casing 17, 
and finally transmitted to another optical digital commu- 
nication apparatus desired to communicate therewith. 
At that time, the condensers 12A and 12B interposed 
between the light receiving elements 13A and 13B and 
the associated light receiving windows serve as hoods 
for the light receiving elements 13A and 13B, thereby 
preventing signal lights emitted from the light emitting 
element 14A from being received by the light receiving 
elements 13A and 13B in the same optical digital com- 
munication apparatus, which would otherwise cause 
any occurrence of malfunction 
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used as the light receiving elements 13A and 1 3B. 

More specifically, the driver 83A in the transmission 
unit 80 comprises resistors 831 to 834 and a transistor 
835, with the resistor 831 having one end receiving a 
digital signal DS1 and the other end connected both to 
the base of the transistor 835 and to one end of the re- 
sistor 832, with the emitter of the transistor 835 being 
connected to one end of the resistor 833. 

A predetermined voltage +V is applied to the other 
ends of the resistors 832 and 833. The collector of the 
transistor 835 is connected via the resistor 834 to the 
anode of the light emitting element (LED) 14A, whose 
cathode is grounded. 

Thus, the transistor 835 is switched in response to 
the digital signal DS1 , and a voltage to be applied to the 
light emitting element 14A to activate the latter. 

In the reception unit 90, the subtracter 91 comprises 
a resistor 911 and an amplifier 912, with one end of the 
resistor 911 being connected to the anode of the light 
receiving element (photodiode) 13A, to the cathode of 
the light receiving element (photodiode) 13B and to the 
input terminal of the amplifier 91 2, with the other end of 
the resistor 911 being grounded. A predetermined pos- 
itive voltage +V1 is applied to the cathode of the light 
receiving element 13A, whereas a predetermined neg- 
ative voltage - V1 is applied to the anode of the light 
receiving element 13B. 

Thus, a current (11 - 12) of difference between an 
output current 11 of the light receiving element 13Aand 
an output current 12 of the light receiving element 13B 
is converted by the resistor 911 into a voltage, which is 
fed as input to the amplifier 912. 

The transmission unit 80 of this embodiment may 
further comprise a convex lens confronting the linearly 
polarizer 18C on its light output side so as to allow a 
radiation into the air in the form of parallel rays. 

A second embodiment of the present invention is 
described hereinbelow. 

Fig. 13 is a perspective view of an optical digital 
communication apparatus in accordance with a second 
embodiment of the present invention, and Fig. 14 illus- 
trates a principal configuration of an electric and optical 
circuit in the optical digital communication apparatus of 
the second embodiment. In the diagrams, the same con- 
stituent parts as those of the above first embodiment are 
designated by the identical reference numerals and are 
not again described. 

The first embodiment differs from the second em- 
bodiment in that the transmission unit 80 comprises a 
quarter wavelength plate 1 9C and that the reception unit 
90 comprises quarter wavelength plates 19A and 19B. 

More specifically, the quarter wavelength plate 19C 
is disposed on the light output side of the linearly polar- 
izer 18C of the transmission unit 80. The arrangement 
of the linearly polarizer 18c is such that its plane of po- 
larization is angled at 45 degrees relative to the optical 
axes x and y of the quarter wavelength plate 19C. Thus, 
a light from the light emitting element 14A passes 



through the linearly polarizer 18C for the conversion into 
a linearly polarized light and further through the quarter 
wavelength plate 19C, resulting in a circularly polarized 
light which is radiated into the space. 
5 Furthermore, the quarter wavelength plate 19A is 

disposed on the light input side of the linearly polarizer 
18A of the reception unit 90 and the quarter wavelength 
plate 1 9B is disposed on the light input side of the line- 
arly polarizer 18B of the reception unit 90. 

10 The arrangement of the linearly polarizers 18A and 
18B is such that their planes of polarization are angled 
at 45 degrees relative to the optical axes x and y of the 
quarter wavelength plates 19A and 19B, respectively. 
Thus, the quarter wavelength plate 19A regenerate a 

i5 circularly polarized light or an elliptically polarized light 
from the quarter wavelength plate 1 9C as a linearly po- 
larized light, which traverses the linearly polarizer 16A 
into the light receiving element 13A. 

The quarter wavelength plate 1 9B allows a circular- 

20 [y polarized lighl or an elliptically polarized light different 
in the direction of rotation of the plane of polarization 
from the circularly polarized light or the elliptically polar- 
ized light from the quarter wavelength plate 1 9C among 
disturbance lights scattered into the space to pass 

2S therethrough for the conversion into a linearly polarized 
light, which traverses the linearly polarizer 18B into the 
light receiving element 1 3B. 

According to the above configuration, a signal light 
propagates in the form of a circularly polarized light or 

30 an elliptically polarized light through the space : so that 
there can be prevented any variation in the receive level 
due to respective angles of rotation of the transmission 
unit 80 and the reception unit 90, while simultaneously 
ensuring an exclusive acquisition of the digital signal to 

35 be transmitted with the disturbance light noise eliminat- 
ed. It is thus possible to accomplish a remarkable re- 
duction in the influence of the disturbance light noise 
and an increase in the communication distance as com- 
pared with the conventional techniques. 

40 Although in the above configuration, i.e., the con- 
figuration illustrated in Fig. 13 the quarter wavelength 
plates 1 9A and 1 9B are arranged at or near the entrance 
ports 12a of the condensers 12A and 12B, the present 
invention is not intended to be limited to this. As shown 

45 in Fig. 15 by way of example, the quarter wavelength 
plates 19A and 19B may be positioned at or near the 
exit ports 1 2b of the condensers 1 2A and 1 2B. 

Description is now made of a third embodiment of 
the present invention. 

50 pjg. 16 is a perspective view of an optical digital 

communication apparatus in accordance with the third 
embodiment. In the diagram, the same constituent parts 
as those of the above second embodiment are desig- 
nated by the identical reference numerals and are not 

55 again described. 

The third embodiment differs from the second em- 
bodiment in that the former comprises a pair of light 
emitting elements in addition lo the pair of light receiving 
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On the contrary, a signal light transmitted from an- 
other optical digital communication apparatus desired 
to communicate therewith is input through the light re- 
ceiving window to the condenser 1 2A and thereby con- 
centrated for the reception by the light receiving element 
13A. 

A condensing power (condensing ratio) at that time 
depends both on the area S1 ( = La x Lb) of the entrance 
port 1 2a and on the area S2 ( = Lc x Ld) of the exit port 
12b of the condenser 12 (12A, 12B), the condensing 
power (condensing ratio) being represented as S1/S2, 
where La and Lb are longitudinal and transverse 
lengths, respectively, of the entrance port 12a, with Lc 
and Lb being longitudinal and transverse lengths, re- 
spectively, of the exit port 12b. 

As illustrated in Figs. 7A to 7C, signal lights input to 
the condenser 12 are reflected several times on the in- 
ner light reflecting side faces 12c of the condenser 12 
and are gathered onto the light receiving element 13. 

Thus, almost all of the signal lights input to the en- 
trance port 12a of the condenser 12 can be gathered 
onto the light receiving element 13A, with the result that 
it becomes possible to remarkably improve the con- 
densing power (condensing ratio) as compared with the 
conventional apparatus and to ensure a secure recep- 
tion of light even though the transmission side fight 
source has been moved insofar as it lies within a prede- 
termined range, thereby achieving a significantly en- 
larged light receiving allowable range as compared with 
the prior art 

Fig. 8 illustrates a result of a comparative experi- 
ment on the relation between the condensing power and 
the directivity. 

In Fig. 8, vertical and horizontal axes represent the 
condensing power and the directivity, respectively, with 
the directivity being given as an angle 0 of incidence of 
a signal light relative to the central axis of the condenser 
12 as shown in Fig. 9. A in Fig. 8 represents a charac- 
teristic of the conventional example shown in Fig. 2 and 
B represents a characteristic of this embodiment. 

As is apparent from Fig. 8, the directivity (allowable 
angle of incidence) is significantly enlarged in the first 
embodiment as compared with the conventional exam- 
ple. 

The directivity is variable by changing dimensions 
of the entrance port 1 2a and the exit port 1 2b of the con- 
denser 1 2 and the distance therebetween. Fig. 10 illus- 
trates characteristics of the directivity obtained when 
such dimensions have been changed. 

B1 to B6 in Fig. 1 0 represent the directivity obtained 
when the values have been set as follows. 



B1: La = 


Lb = 


18mm, Lc = 


Ld 


= 9mm, D = 


30mm 


B2: La = 


Lb = 


18mm, Lc - 


Ld 


= 6mm, D = 


30mm 


B3: La = 


Lb = 


1 5mm, Lc = 


Ld 


= 6mm, D = 


30mm 


B4: La = 


Lb = 


18mm, Lc = 


Ld 


= 9mm, D - 


20mm 


B5 La = 


Lb n 


18mm, Lc = 


Ld 


= 6mm, D = 


20mm 


B6 La = 


Lb = 


12mm, Lc = 


Ld 


= 4mm, D = 


25mm 



Naturally, the directivity can be so varied as to be 
different in the longitudinal the transverse directions by 
differently setting the longitudinal and transverse 
lengths of the entrance port 12a and the exit port 12b. 
5 Description is now made of an operation of the elec- 

tric circuit in the first embodiment. 

In the transmission unit 80, the light emitting ele- 
ment 1 4A receives a digital signal DS 1 to be transmitted, 
on the basis of which the light emitting element 14A 
io emits a light. Then, the light given out from the light emit- 
ting element 14A is linearly polarized by the linearly po- 
larizer 18C and thereafter radiated into the air. 

In the reception unit 90 on the other hand, a linearly 
polarized light radiated through the linearly polarizer 
75 18C in the transmission unit 80 of another optical digital 
communication apparatus passes through the linearly 
polarizer 18A and is received by the light receiving ele- 
ment 13A. 

A predetermined linearly polarized component in 

20 the space, that is, a linearly polarized light normal to the 
linearly polarized light radiated through the linearly po- 
larizer 18C passes through the linearly polarizer 18B for 
input to the light receiving element 13B. 

In the two light receiving elements 1 3A and 1 3B, the 

25 incident lights are converted into electric signals DS2 
and DS2' which are fed to the subtracter 91 . In the sub- 
tracter 91 , a value of difference is obtained between the 
two input electric signals DS2 and DS2' to issue an elec- 
tric signal DS3 having a level of that value 

30 As depicted in waveform diagrams of Fig. 11, this 
allows the subtracter 91 to eliminate disturbance light 
noise components NZ equivalently input to the two light 
receiving elements 13A and 13B. 

The electric signal DS2 derived from the light re- 

35 ceiving element 13A on one hand is in phase with the 
digital signal DS1 to be transmitted whereas the electric 
signal DS2' derived from the light receiving element 1 3B 
on the other hand includes only a disturbance light noise 
component. In consequence, obtaining a difference in 

to voltage level between the two electric signals results in 
an acquisition of the electric signal DS3 in phase with 
the digital signal DS1 to be transmitted and having an 
electric signal level output from the light receiving ele- 
ment 13A 

4 $ Thus, there can be exclusively obtained a digital 
signal to be transmitted with the disturbance light noise 
eliminated, thereby making it possible to extremely re- 
duce the influence of the disturbance light noise as com- 
pared with the prior art and to accomplish an increase 
so of the communication distance. 

Description will then be made of an embodiment of 
an electric circuit for use in the first embodiment. 

Fig. 12 illustrates the electric circuit tn accordance 
with the embodiment. In the diagram, the same constit- 
55 uent parts as the above are designated by the identical 
reference numerals and are not again described. 

In this embodiment, an infrared LED is used as the 
light emitting element 14A, and infrared photodiodes are 
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ized light, which has been radiated through the linearly 
polarizer 1 8D and the quarter wavelength plate 1 9D, is 
turned into a linearly polarized light through the quarter 
wavelength plate 1 9B and then traverses the linearly po- 
larizer 18B into the light receiving element 13B. 5 

The two light receiving elements 1 3A and 1 3B con- 
vert the incident lights into electric signals DS2 and 
DS2\ which are fed to the subtracter 91 . The subtracter 
91 obtains a value of difference in level between the two 
input electnc signals DS2 and DS2' to generate an elec- to 
trie signal DS3 having a level of that value. 

Thus, a transmitted signal propagates in the form 
of a circularly polarized light or an elliptically polarized 
light through the space, so that any variation in the re- 
ceive level due to respective angles of rotation of the '5 
transmission unit 80 and the reception unit 90 can be 
prevented. 

Moreover, the subtracter 91 eliminates disturbance 
light noise components equally input to the two light re- 
ceiving elements 1 3A and 1 3B. The electric signal DS2 20 
derived from the light receiving element 1 3A is in phase 
with the digital signal DS1 to be transmitted whereas the 
electric signal DS2' derived from the light receiving ele- 
ment 1 3B is out of phase by 1 80 degrees with the digital 
signal DS1 to be transmitted. In consequence, obtaining 25 
a difference in voltage level between the two electric sig- 
nals DS2 and DS2' results in an acquisition of the elec- 
tric signal DS3 in phase with the digital signal DS1 to be 
transmitted and having an electric signal level which is 
equal to the sum of the electric signal levels output from 30 
the two light receiving elements 13A and 13B. 

As is apparent from a waveform diagram of Fig. 1 9, 
disturbance light noise components NZ equally input to 
the two light receiving elements 1 3A and 1 3B are elim- 
inated by the subtracter 91 . The digital signal DS2 de- 35 
rived from the light receiving element 13A on one hand 
is in phase with the digital signal DS1 to be transmitted 
whereas the digital signal DS2* derived from the light 
receiving element 1 3B on the other hand is out of phase 
by 180 degrees with the digital signal DS1 to be trans- 40 
mitted. In consequence, obtaining a difference in volt- 
age level between the two electric signals results in an 
acquisition of the electric signal DS3 in phase with the 
digital signal DS1 to be transmitted and having an elec- 
tric signal level which is equal to the sum of the electric 45 
signal levels output from the two light receiving elements 
13A and 13B. 

Accordingly, a signal light propagates in the form of 
a circularly polarized light or an elliptically polarized light 
through the space, so that there can be prevented any so 
variation in the receive level due to respective angles of 
rotation of the transmission unit 80 and the reception 
unit 90, while simultaneously ensuring an exclusive ac- 
quisition of the digital signal to be transmitted with the 
disturbance light noise eliminated. It is thus possible to ss 
accomplish a remarkable reduction in the influence of 
the disturbance light noise and an increase in the com- 
munication distance as compared with the conventional 



techniques. 

Description is now made of one embodiment of an 
electric circuit in accordance with the present embodi- 
ment. 

Fig. 20 illustrates the electnc circuit in the one em- 
bodiment. In the diagram, the same constituent parts as 
the above are designated by the identical reference nu- 
merals. 

This embodiment employs infrared LEDs as the 
light emitting elements 1 4A and 1 4B and employs infra- 
red photodiodes as the light receiving elements 1 3A and 
13B. 

More specifically, the drivers 83A and 83B in the 
transmission unit 80 each comprise the resistors 831 to 
834 and the transistor 835, with the resistor 831 having 
one end receiving a digital signal DS1 or DSV and the 
other end connected to the base of the transistor 835 
and to one end of the resistor 832, and with the emitter 
of the transistor 835 being connected to one end of the 
resistor 833. 

A predetermined voltage +V is applied to the other 
ends of the resistors 832 and 833. The collector of the 
transistor 835 is connected via the resistor 834 to the 
anode of the light emitting element (LED) 14A or 14B of 
which cathode is grounded. 

Thus, the transistor 835 is switched in response to 
the digital signal DS1 or DSV, allowing a voltage to be 
applied to the light emitting element 14A or 14B to acti- 
vate the light emitting element 14A or 143. 

In the reception unit 90, the subtracter 91 comprises 
the resistor 911 and the amplifier 912, with one end of 
the resistor 911 being connected to theanode of the light 
receiving element (photodiode) 13A, to the cathode of 
the light receiving element (photodiode) 13B and to the 
input terminal of the amplifier 912, with the other end of 
the resistor 911 grounded. A predetermined positive 
voltage +V1 is applied to the cathode of the light receiv- 
ing element 13A, whereas a predetermined negative 
voltage -V1 is applied to the anode of the light receiving 
element 13B. 

Thus, a current (11 - 12) of difference between an 
output current 11 of the light receiving element 13A and 
an output current 12 of the light receiving element 13B 
is converted by the resistor 911 into a voltage, which is 
fed as input to the amplifier 912. 

The transmission unit 80 of this embodiment may 
further comprise convex lenses confronting the quarter 
wavelength plates 1 9C and 1 9D on their respective light 
output sides so as to allow radiation into the air in the 
form of parallel rays. 

A fourth embodiment of the present invention is de- 
scribed hereinbelow. 

In the fourth embodiment, a shielding plate is pro- 
vided in the optical system of the transmission unit 80 
of the third embodiment described above. 

More specifically, as shown in Fig. 21, the optical 
system of the transmission unit 80 further includes a 
hood 84 for covering the light emitting elements 1 4A and 
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elements, each pair being associated with two linearly 
polarizers and two quarter wave'ength plates which al- 
low passage therethrough of linearly polarized lights 
whose planes of polarization are normal to each other, 
so as to able to receive and transmit two different types 5 
of signal lights. 

Fig. 17 illustrates a principal configuration of an 
electric and optical circuit in the optical digital commu- 
nication apparatus of the third embodiment. Similar to 
the above embodiments, the optical digital communica- io 
tion apparatus body is generally designated at 10 and 
comprises the transmission unit 80, the reception unit 
90 and the interface module 1 5 incorporating electric cir- 
cuits of the transmission 80 and reception 90 units 

The transmission unit 80 includes the input terminal 1$ 
81, NOT circuits 82A and 82B, drivers 83A and 83B, light 
emitting elements 1 4A and 1 4B, linearly polarizers 1 8C 
and 1 8D and quarter wavelength plates 1 9C and 1 9D 

After the input to the input terminal 81 , a digital sig- 
nal DS1 to be transmitted is fed to the driver 83A by the 20 
NOT circuits 82A and 82B connected in series and is 
fed to the driver 83B by only the NOT circuit 82A. 

Thus, the driver 83B receives a digital signal DSV 
which is obtained by inverting the digital signal fed to 
the driver 83A, i.e., the digital signal DS1 to be transmit- 25 
ted. 

The two drivers 83A and 83B have the same con- 
figuration and in response to the input digital signal 
serve to drive the light emitting elements 14A and 14B 
to cause the latter to emit a light 30 

On their respective light output sides, the light emit- 
ting elements 1 4A and 1 4B are provided with the linearly 
polarizers 18C and 18D. Lights from the light emitting 
elements 14A and 14B pass through the linearly polar- 
izers 1 8C and 1 8D for the conversion into linearly polar- 35 
ized lights, which enter the quarter wavelength plates 
19C and 1 9D to be radiated into the space in the form 
of circularly polarized lights or elliptically polarized lights 
whose directions of rotation are different from each oth- 
er. 40 

The linearly polarizers 1 8C and 1 8D are so set that 
the planes of polarization of the linearly polarized lights 
passing therethrough are normal to each other. Further- 
more, as shown in Fig. 18, the linearly polarizers 18C 
and 18D in the transmission unit 80 are so arranged that 45 
the planes of polarization of the linearly polarized lights 
passing therethrough are angled at 45 degrees relative 
to the optical axes x and y of the quarter wavelength 
plates 19C and 19D 

The reception unit 90 on the other hand includes so 
the quarter wavelength plates 1 9A and 1 9B, the linearly 
polarizers 18A and 18B, the light receiving elements 
1 3A and 1 3B and the subtracter 91 . 

The light receiving elements 1 3A and 13B receive 
optical signals issued from the transmission unit 80 on 55 
another optical digital communication apparatus and 
convert them into electric signals DS2 and DS2' as their 
respective outputs On the respective light input sides 



20 

of the light receiving elements 1 3A and 1 3B. the linearly 
polarizers 18A and 18B are respectively disposed, so 
as to be able to detect the lights delivered through the 
linearly polarizers 18C and 18D provided in the trans- 
mission unit 80. Furthermore, the quarter wavelength 
plates 1 9A and 19B confront the linearly polarizers 18A 
and 18B on their respective light input sides. 

As shown in Fig. 18, the linearly polarizers 18Aand 
18B in the reception unit 90 are so arranged that the 
planes of polarization of the linearly polarized lights 
passing therethrough are angled at 45 degrees relative 
to the optical axes of the quarter wavelength plates 1 9A 
and 1 9B so as to regenerate the linearly polarized lights 
of the transmission unit 80. 

The subtracter 91 receives the output signals DS2 
and DS2' from the two light receiving elements 1 3A and 
13B, respectively. The subtracter 91 generates as its 
output, e.g., an electric signal DS3 having a voltage level 
obtained by subtracting from a voltage level of the elec- 
tric signal DS2 output from the light receiving element 
13A on one hand a voltage level of the electric signal 
DS2' output from the light receiving element 1 3B on the 
other hand. 

Operation is now described of the optical digital 
communication apparatus having the above configura- 
tion. 

In the transmission unit 80, the light emitting ele- 
ment 1 4A receives a digital signal DS 1 to be transmitted, 
in response to which a light is emitted from the light emit- 
ting element 14A The light from the light emitting ele- 
ment 14A is turned into a linearly polarized light through 
the linearly polarizer 18C, which traverses the quarter 
wavelength plates 19C to be converted into a circularly 
polarized light or an elliptically polarized light for the ra- 
diation into the air. 

The light emitting element 1 4B receives a digital sig- 
nal DS1' as a result of the inversion of the transmitted 
digital signal DS1 by the NOT circuit 82A and gives out 
a light in response to the digital signal DSV. 

The light from the light emitting element 14B is 
turned into a linearly polarized light through the linearly 
polarizer 18D and then radiated into the air by the quar- 
ter wavelength plates 1 9D in the form of a circularly po- 
larized light or an elliptically polarized light having a 
plane of polarization whose direction of rotation is dif- 
ferent from that of the circularly polarized light or the el- 
liptically polarized light derived through the quarter 
wavelength plate 19C. 

In the reception unit 90 on the other hand, the cir- 
cularly polarized light or the elliptically polarized light, 
which has been radiated through the linearly polarizer 
18C and the quarter wavelength plate 1 9C in the trans- 
mission unit 60 of another optical digital communication 
apparatus is turned into a linearly polarized light 
through the quarter wavelength plate 19A and then 
traverses the linearly polarizer 18A into the light receiv- 
ing element 13A 

The circularly polarized light or the elliptically polar- 



EP0 851 613 A2 



11 



BNSDOCID <EP, 



0851613A2 L> 



23 



EPO 851 613 A2 



24 



1 4B. the linearly polarizers 1 3C and 1 8D and the quarter 
wavelength plates 19C and 19D, and includes the 
shielding plate 85 for preventing a mixture of lights be- 
tween one optical system associated with the light emit- 
ting element 14A and the other optical system associ- 5 
ated with the light emitting element 14B. 

Thus, free from any disturbance light in the trans- 
mission unit 80, the infrared rays emitted from the light 
emitting elements 14A and 14B pass through the line- 
arly polarizers 18C and 18D and through the quarter io 
wavelength plates 19C and 19D and are radiated into 
the air toward the reception unit 90 on another optical 
digital communication apparatus. 

It is therefore possible to reduce the influence of the 
disturbance light components and hence to increase the '5 
communication distance as compared with the conven- 
tional optical digital communication apparatus. 

A fifth embodiment of the present invention is now 
described. 

In the fifth embodiment, convex lenses are provided 20 
in the optical system of the transmission unit 80 of the 
fourth embodiment described above. More specifically, 
as shown in Fig. 22, the optical system of the transmis- 
sion unit 80 further includes the convex lenses desig- 
nated at 86A and 36B and confronting the quarter wave- 25 
length plates 19C and 19D on their respective light out- 
put sides. 

Thus, free from any disturbance light in the trans- 
mission unit 80, the infrared rays emitted from the light 
emitting elements 1 4A and 1 4B traverse the linearly po- 30 
larizers 1 8C and 1 8D and the quarter wavelength plates 
19C and 19D and then are turned into parallel rays 
through the convex lenses 86A and 86B to be finally ra- 
diated into the air toward the reception unit 90 on anoth- 
er optical digital communication apparatus. 35 

It is therefore possible to concentratedly send out 
optical signals toward the direction where another opti- 
cal digital communication apparatus lies to receive the 
signals 

A sixth embodiment of the present invention is now 
described. 

Fig. 23 is a perspective view of an optical digital 
communication apparatus in accordance with the sixth 
embodiment. Fig. 24 illustrates a principal configuration 
of an electric and optical system of the optical digital 4 $ 
communication apparatus of the sixth embodiment. In 
the diagram, the same constituent parts as those of the 
third embodiment are designated by the identical refer- 
ence numerals and are not again described. 

The sixth embodiment differs from the third embod- so 
iment in that the quarter wavelength plates 19A, 19B, 
19C and 19D are excluded from the transmission unit 
80 and the reception unit 90. As is apparent from Fig. 
23, the entrance ports of the condensers 12A and 12B 
are not provided with the quarter wavelength plates 1 9A 55 
and 19B. Similarly, the light emitting elements 14A and 
14B are not provided on their respective light output 
sides with the quarter wavelength plates 19C and 19D. 



Referring to Fig. 24. operation is now described of 
the optical digital communication apparatus having the 
above configuration. 

In the transmission unit 80, the light emitting ele- 
ment 1 4A receives a digital signal DS1 to be transmitted 
and emits a light in response to the signal DS1 . The light 
emitted from the light emitting element 1 4A is converted 
by the linearly polarizer 1 8C into a linearly polarized light 
and then radiated into the air. 

The light emitting element 1 4B receives a digital sig- 
nal DS1 ' obtained by inverting the transmitted digital sig- 
nal DS1 through the NOT circuit 82A and emits a light 
in response to the signal DST. 

The light emitted from the light emitting element 1 4B 
is converted by the linearly polarizer 18D into a linearly 
polarized light having a plane of polarization different 
from the plane of polarization of the linearly polarized 
light obtained through the linearly polarizer 18C, and 
then is radiated into the air. 

In the reception unit 90 on the other hand, the light 
receiving element 13A receives through the linearly po- 
larizer 18A the linearly polarized light radiated through 
the linearly polarizer 18C of the transmission unit 80 on 
another optical digital communication apparatus tocom- 
municate therewith. 

At the same time, the light receiving element 1 3B 
receives through the linearly polarizer 18B the linearly 
polarized light radiated through the linearly polarizer 
18D of the transmission unit 80 on another optical digital 
communication apparatus 80 to communicate there- 
with. 

These two light receiving elements 13A and 13B 
convert the incident lights into electric signals DS2 and 
DS2\ which are fed as input to the subtracter 91. The 
subtracter 91 obtains a value of difference in level be- 
tween the two input electric signals DS2 and DS2' to 
generate as its output an electric signal DS3 having a 
level of that value. 

As a result of this, the subtracter 91 eliminates dis- 
turbance light noise components equally input to the two 
light receiving elements 13Aand 13B. 

The electric signal DS2 issued from the light receiv- 
ing element 13Aon one hand is in phase with the digital 
signal DS1 to be transmitted whereas the electric signal 
DS2' issued from the light receiving element 1 3B on the 
other hand is out of phase by 1 80 degrees with the digital 
signal DS 1 to be transmitted. In consequence, obtaining 
a difference in level between these electric signals DS2 
and DS2' results in an acquisition of an electric signal 
DS3 in phase with the digital signal DS1 to be transmit- 
ted and having a level equal to the sum of the electric 
signal levels output from the two light receiving elements 
13Aand 13B 

Therefore, according to the optical digital commu- 
nication apparatus of this embodiment, the signal prop- 
agates through the space in the form of a linearly polar- 
ized light, so that the disturbance light noise compo- 
nents equally input to the two light receiving elements 
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1 3A and 1 3B are eliminated as a result of obtaining the 
difference between the output signals from these two 
light receiving elements 13A and 13B although some 
variation in the receive level due to respective angles of 
rotation of the transmission unit 80 and the reception 
unit 90. 

In consequence, the thus obtained digital signal re- 
sults in an electric signal having a level equal to the sum 
of the electric signal levels output from the two light re- 
ceiving elements 1 3A and 1 3B, thereby ensuring an ex- 
clusive acquisition of a digital signal to be transmitted 
with the disturbance light noise eliminated. It is thus pos- 
sible to achieve a remarkable reduction in the influence 
of the disturbance light noise and an increase in the 
communication distance as compared with the conven- 
tional techniques 

The electric circuits of the above embodiments are 
merely by way of example and that the present invention 
is not intended to be limited to these. For instance, the 
objects of the present invention could also be accom- 
plished by combinations of the above embodiments. 

Furthermore, in the present invention, the linearly 
polarizers 1 8A, 1 8C and the linearly polarizers 1 8B, 1 8D 
are so set as to allow the planes of polarization of the 
linearly polarized lights passing therethrough to be nor- 
mal to each other, but this is not essential. 

Description is now made of a seventh embodiment 
of the present invention. 

Fig 25 is a perspective view of an optical digital 
communication apparatus in accordance with the sev- 
enth embodiment. In the diagram, the same constituent 
parts as those of the sixth embodiment are designated 
by the identical reference numerals and are not again 
described. 

The seventh embodiment differs from the sixth em- 
bodiment in that the hollow condensers 12A and 12B 
are replaced by solid condensers 40 (40A and 40B) 
made of a translucent resin. 

More specifically, the condenser 40 is in the shape 
of a truncated quadratic pyramid and made of a trans- 
lucent resin having a predetermined refractive index n, 
e.g., n=1.5 The solid truncated quadratic pyramid has 
a bottom serving as a light entrance face 40a and a top 
serving as a light exit face 40b, and is interposed be- 
tween the light emitting element 1 3 and a light receiving 
window associated therewith. 

According to the thus configured condenser of the 
optical digital communication apparatus, as shown in 
Fig. 26, a signal light from the external space falling on 
the light entrance face 40a of the condenser 40 is re- 
fracted at the plane of the light entrance face 40a and 
then enter the interior of the condenser 40. Side faces 
40c of the condenser 40 have a different refractive index 
from that of the external space and hence serve as light 
reflective faces. As a result of this, the signal light which 
has entered the solid interior of the condenser 40 is re- 
flected several times on the reflective faces to reach the 
light exit face 40b 



Thus by virtue of the refraction caused when the 
signal light enters the interior of the condenser 40 from 
the external space, the allowable range of angle of inci- 
dence, i.e., the directivity is enlarged as compared with 

5 the condenser of the first embodiment described earlier, 
contributing to an enlargement in the allowable range of 
movement of the transmission side light source. 

Description is now made of an eighth embodiment 
of the present invention. 

10 Fig. 27 is a perspective view of a condenser provid- 
ed in an optical digital communication apparatus in ac- 
cordance with the eighth embodiment The general con- 
figuration of the optical digitalcommunication apparatus 
is substantially the same as that of the seventh embod- 

*5 iment. 

The eighth embodiment differs from the seventh 
embodiment in that the condenser 40 is replaced by a 
condenser 50 having a light entrance face in the shape 
of a convex s pherica l surface. 

The condenser 50 is substantially in the shape of a 
truncated quadratic pyramid and is made of a translu- 
cent resin having a predetermined refractive index n, e. 
g., n-1.5. The condenser 50 has a bottom formed into 
a convexed spherical surface serving as a light entrance 
face 50a and a planar top serving as a light exit face 
50b, and is interposed between the light receiving ele- 
ment 13(13A. 13B) and the light receiving window as- 
sociated therewith. 

According to the above configuration, a signal light 
from the external space falling on the light entrance face 
50a of the condenser 50 is refracted at the spherical sur- 
face of the light entrance face 50a and then enter the 
interior of the condenser 50. Side faces 50c of the con- 
denser 50 have a different refractive index from that of 
the external space and hence serve as light reflective 
faces. As a result of this, the signal light which has en- 
tered the solid interior of the condenser 50 is reflected 
several times on the reflective faces to reach the light 
exit face 50b. 

Thus, by virtue of the refraction caused when the 
signal light enters the interior of the condenser 50 from 
the external space, the allowable range of angle of inci- 
dence, i.e., the directivity is enlarged as compared with 
the condenser of the first embodiment described earlier. 
Furthermore, since the entrance face 50a of the con- 
denser 50 is shaped into an outwardly protruding spher- 
ical surface, a further enlargement is achieved of the di- 
rectivity and of the allowable range of movement of the 
transmission side light source. 

A ninth embodiment of the present invention will 
then be described. 

Fig. 28 is a perspective view of a condenser provid- 
ed in an optical digital communication apparatus in ac- 
cordance with the ninth embodiment. The general con- 
figuration of the optical digitalcommunication apparatus 
is substantially the same as that of the seventh embod- 
iment described above 

The ninth embodiment differs from the seventh em- 
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bodiment in that the condenser 40 is replaced by a con- 
denser 60 having an entrance face in the shape of an 
outwardly protruding quadratic pyramid. 

The condenser 60 is substantially in the shape of a 
truncated quadratic pyramid and is made of a translu- 5 
cent resin having a predetermined refractive index n, e. 
g , n= 1 .5. The condenser 60 has a bottom in the shape 
of an outwardly protruding quadratic pyramid serving as 
an entrance face 60a and a planar top serving as an exit 
face 60b, and is interposed between the light receiving 10 
element 13 and the light receiving window associated 
therewith. 

According to the above configuration, a signal light 
from the external space falling on the light entrance face 
60a of the condenser 60 is refracted at the four planes ^ 
of the light entrance face 60a and then enter the interior 
ol the condenser 60. Side faces 60c of the condenser 
60 have a different refractive index from that of the ex- 
ternal space and hence serve as light reflective faces. 
As a result ol this : the signal light which has entered the 20 
solid interior of the condenser 60 is reflected several 
times on the reflective faces to reach the light exit face 
60b. 

Thus, by virtue of the refraction caused when the 
signal light enters the interior of the condenser 60 from 25 
the external space, the allowable range of angle of inci- 
dence, i.e., the directivity is enlarged as compared with 
the condenser of the first embodiment described earlier. 

Furthermore, since the entrance face 60a of the 
condenser 60 is shaped into an outwardly protruding 30 
quadratic pyramid, a further enlargement is achieved of 
the directivity and of the allowable range of movement 
of the transmission side light source. 

A tenth embodiment of the present invention will 
then be described. 35 

Fig. 29 is a perspective view of an optical digital 
communication apparatus in accordance with the tenth 
embodiment. In the diagram, the same constituent parts 
as those of the seventh embodiment described above 
are designated by the identical reference numerals and 40 
are not again described. 

The tenth embodiment differs from the seventh em- 
bodiment in that the condensers 12A and 12B are re- 
placed by solid condensers 70 made of a translucent 
resin material and each incorporating a light emitting el- 45 
ement therewithin. 

More specifically, the condenser 70 as shown in Fig. 
30 is in the shape of a truncated quadratic pyramid and 
is made of a translucent resin having a predetermined 
refractive index n, e.g., n=1. 5. The solid truncated quad- so 
ratic pyramid has a bottom as an entrance face 70a and 
a top as an exit face 70b and is interposed between the 
light receiving element 13 (13A, 1 3B) and the light re- 
ceiving window associated therewith. 

The interior of the condenser 70 is provided with a 55 
light emitting element 14 (14A, 1 4B) lying on the central 
axis of the condenser 70 and having a light emitting face 
directed toward the entrance face 70a 



The light receiving element 13 (13A, 13B) has the 
linearly polarizer 18 (18A, 18B) on its light input side and 
the light emitting element 14 (14A, 14B) has the linearly 
polarizer 18 (18C, 18D) on its light output side. 

According to the thus configured optical digital com- 
munication apparatus, as shown in Fig. 31 , a signal light 
from the external space falling on the entrance face 70a 
of the condenser 70 is refracted at the plane of the en- 
trance face 70a and enters the interior of the condenser 
70. Within the interior of the condenser 70, the signal 
light passes through the outside of the light emitting el- 
ement 14 and is reflected several times on the light re- 
flective planes of the side faces 70c to reach the exit 
face 70b. 

A light emitted from the light emitting element 14 
(14A, 14B) is radiated, directly or after reflection on the 
side faces 70c of the condenser 70, through the en- 
trance face 70a into the external space. 

Thus, there is no need for an additional space to 
arrange therein the light emitting element 1 4 (1 4A, 1 4B), 
contributing to a reduction in size of the apparatus. 

Although in the tenth embodiment the light receiving 
element 1 3 and the light emitting element 1 4 have been 
provided with their respective different linearly polariz- 
ers, a single linearly polarizer 1 8 may be disposed at the 
entrance port of the condenser 70 as shown in e.g. . Fig. 
32, to thereby allow both the light receiving element 13 
and the light emitting element 14 to use the same line- 
arly polarizer 18. In the case of radiating a signal light 
in the form of a circularly polarized light or an elliptically 
polarized light, a quarter wavelength plate 19 may be 
disposed at the entrance port 70a of the condenser 70 
as shown in Fig. 33 or 34 

In order to ensure substantially the same effects, 
the condensers of the above embodiments could be in 
the shape of a truncated cone or of any other truncated 
pyramid. It is however preferred to employ .the condens- 
er having entrance and exit ports in the shape of a 
square or a rectangle since a light which has entered 
the interior of the condenser reflects between the op- 
posed inner faces, preventing any disturbance of the po- 
larized state with a reduction of loss. 

Although the optical digital communication appara- 
tuses in accordance with the above embodiments have 
been provided with the condensers, substantially the 
same effects excepting the condensing capability could 
be achieved without the condensers. 



Claims 

1. An optical digital communication method compris- 
ing the step of: 

on a transmission side, activating a light emit- 
ting element by a digital electric signal to be 
transmitted, and converting an output light from 
said light emitting element into a linearly polar- 
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ized light for the radiation into the air; and 
on a reception side, receiving said linearly po- 
larized light radiated from said transmission 
side and another linearly polarized light having 
a plane of polarization different from the plane 
of polarization of said linearly polarized light by 
correspondingly provided two different light re- 
ceiving elements, and obtaining a difference in 
level between two different electric signals de- 
rived from said two different light receiving ele- 
ments to acquire said digital electric signal to 
be transmitted. 

2. In an optical digital communication method accord- 
ing to claim 1, wherein 

said transmission side activates two different 
light emitting elements respectively by a digital elec- 
tric signal to be transmitted and by an inverted dig- 
ital electric signal obtained as a result of inversion 
of said digital electric signal, converts respective 
output lights from said two different light emitting el- 
ements into two different linearly polarized lights re- 
ceivable by said reception side, and radiates them 
into the air. 

3. An optical digital communication method according 
to claim 1 , wherein 

said transmission side converts a linearly po- 
larized light through a wavelength plate into a cir- 
cularly polarized light or elliptically polarized light 
having a predetermined direction of rotation prior to 
the radiation into the air, while said reception side 
converts said circularly polarized light or elliptically 
polarized light radiated from said transmission side 
and another circularly polarized light or elliptically 
polarized light having a direction of rotation different 
from said predetermined direction of rotation, 
through wavelength plates into two different linearly 
polarized lights receivable prior to the reception. 

4. An optical digital communication method according 
to claim 1 or 2, wherein 

on said reception side, said two different light 
receiving elements receive different linearly polar- 
ized lights having their respective planes of polari- 
zation normal to each other. 

5. An optical digital communication method according 
to claim 1 or 2, wherein 

infrared rays are used as said light to perform 
communication. 

6. An optical digital communication method according 
to claim 1 or 2, wherein 

said reception side includes a condenser in 
the shape of a truncated cone or a truncated pyra- 
mid having a bottom as a light entrance port and a 
top as a light exit port with an area smaller than the 



area of said entrance port, at least the inside of side 
faces of said condenser serving as a light reflective 
face, said condenser guiding a light radiated from 
said transmission side into said light receiving ele- 
5 ment of said reception side. 

7. An optical digital communication method according 
to claim 1 or 2, wherein 

said reception side includes a condenser in 

10 the shape of a truncated pyramid having a square 
or rectangular bottom as a light entrance port and 
a square or rectangular top as a light exit port with 
an area smaller than the area of said entrance port, 
at least the inside of side faces of said condenser 

is serving as a light reflective face said condenser 
guiding a light radiated from said transmission side 
into said light receiving elements of said reception 
side. 

20 8. An optical digital communication method according 
to claim 1 or 2, wherein 

said reception side includes a tubular con- 
denser in the shape of a hollow truncated cone or 
a hollow truncated pyramid having a bottom as a 

25 light entrance port and a top as a light exit port with 

an area smaller than the area of said entrance port, 
the inner side faces of said condenser serving as a 
light reflective face, said condenser guiding a light 
radiated from said transmission side into said light 

30 receiving element of said reception side 

9. An optical digital communication method according 
to claim 1 or 2, wherein 

said reception side includes a condenser 

35 made of a translucent material having a predeter- 
mined refractive index, said condenser shaped into 
a truncated cone or a truncated pyramid having a 
bottom as a light entrance port and a top as a light 
exit port smaller in area than said entrance port, the 

40 inside of side faces of said condenser serving as a 
light reflective face, said condenser guiding a light 
radiated from said transmission side into said light 
receiving element of said reception side. 

45 10. An optical digital communication method according 
to claim 1 or 2, wherein 

said reception side includes a condenser 
made of a translucent material having a predeter- 
mined refractive index, said condenser shaped into 

50 a truncated cone or a truncated pyramid having a 
bottom as a light entrance port and a top as a light 
exit port smaller in area than said entrance port, the 
inside of side faces of said condenser serving as a 
light reflective face, the face of said entrance port 

55 comprised of at least one outwardly protruding face 

whose profile varies in a predetermined linear or 
parabolic form, said condenser guiding a light radi- 
ated from said transmission side into said light re- 



16 



BNSDOCID <EP, 



.085161 3A2_I_> 



31 



EPO 851 613 A2 



32 



ceiving element of said reception side. 

11. An optical digital communication apparatus having 
a transmission unit for issuing an optical signal cor- 
responding to a digital electric signal to be transmit- s 
ted and a reception unit for receiving said optical 
signal for the conversion into a digital electric signal, 
wherein 

said transmission unit comprises: 

w 

a light emitting element for emitting a light in 
response to said digital electric signal; and 
a first linearly polarizer provided on said light 
emitting element at its light output side; and 
wherein *5 

said reception unit comprises: 

first and second light receiving elements for re- 
ceiving lights to convert them into electric sig- 20 
nals; 

a second linearly polarizer provided on said first 
light receiving element at its light input side, for 
detecting a light emitted from said first light 
emitting element; 25 
a third linearly polarizer provided on said sec- 
ond light receiving element at its light input side, 
said third linearly polarizer allowing a passage 
of a linearly polarized light having a plane of po- 
larization normal to the plane of polarization of 30 
a linearly polarizing light passing through said 
second linearly polarizer; and 
a subtracter for receiving electric signals de- 
rived from said first and second light receiving 
elements to generate a difference in level be- 35 
tween said electric signals. 

12. An optical digital communication apparatus having 
a transmission unit for issuing an optical signal cor- 
responding to a digital electric signal to be transmit- 40 
ted and a reception unit for receiving said optical 
signal for the conversion into a digital electric signal, 
wherein 

said transmission unit comprises: 

45 

a light emitting element for emitting a light in 
response to said digital electric signal; 
a first linearly polarizer provided on said light 
emitting element at its light output side; and 
a first wavelength plate for receiving a linearly so 
polarized light output from said first linearly po- 
larizer to generate as its output a circularly po- 
larized light or an elliptically polarized light; and 
wherein 

55 

said reception unit comprises: 
a second wavelength plate for receiving a cir- 



cularly polarized light or an elliptically polarized 
light output from said first wavelength plate to 
generate a linearly polarized light as its output; 
a second linearly polarizer arranged to allow a 
passage of only a linearly polarized light output 
from said second wavelength plate; 
a third wavelength plate for receiving a circu- 
larly polarized light or an elliptically polarized 
light having a plane of polarization whose direc- 
tion of rotation differs from that of the plane of 
polarization of a circularly polarized light or an 
elliptically polarized light output from said first 
wavelength plate, to generate a linearly polar- 
ized light as its output; 

a third linearly polarizer arranged to allow a 
passage of only a linearly polarized light output 
from said third wavelength plate: 
a first light receiving element for receiving a lin- 
early polarized light output from said second 
linearly polarizer to convert it into an electric 
signal, 

a second light receiving element for receiving 
a linearly polarized light output from said third 
linearly polarizer to convert it into an electric 
signal; and 

a subtracter for receiving electric signals de- 
rived from said first and second light receiving 
elements to generate as its output a difference 
. in level between said electric signals 

13. An optical digital communication apparatus having 
a transmission unit for delivering into the space an 
optical signal corresponding to a digital electric sig- 
nal to be transmitted and a reception unit for receiv- 
ing an optical signal from the space to convert it into 
a digital electric signal, wherein 

said transmission unit comprises: 

a first light emitting element for emitting a light 
in response to a digital electric signal to be 
transmitted; 

a NOT circuit for inverting said digital electric 
signal; 

a second light emitting element lor emitting a 
light in response to a digital electric signal 
which has been inverted by said NOT circuit: 
a first linearly polarizer for receiving a light emit- 
ted from said first light emitting element to gen- 
erate a linearly polarized light as its output; and 
a second linearly polarizer for receiving a light 
emitted from said second light emitting element 
to generate as its output a linearly polarized 
light having a plane of polarization different 
from the plane of polarization of a linearly po- 
larized light output from said first linearly polar- 
izer; and wherein 

said reception unit comprises: 
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first and second light receiving elements for re- 
ceiving lights to convert them into electric sig- 
nals; 

a third linearly polarizer provided on said first 
light receiving element at its light input side, $ 
said third linearly polarizer allowing a passage 
therethrough of a linearly polarized light output 
from said first light emitting element; 
a fourth linearly polarizer provided on said sec- 
ond light emitting element at its light input side, 10 
said fourth linearly polarizer allowing a passage 
through of a linearly polarized light output from 
said second light emitting element; and 
a subtracter for receiving electric signals de- 
rived from said first and second light receiving is 
elements to generate as its output a difference 
in level between said electric signals. 

An optical digital communication apparatus having 
a transmission unit for delivering into the space an 20 
optical signal corresponding to a digital electric sig- 
nal to be transmitted and a reception unit for receiv- 
ing an optical signal from the space to convert it into 
a digital electric signal, wherein 

said transmission unit comprises: 25 

a first light emitting element for emitting a light 
in response to a digital electric signal to be 
transmitted; 

a NOT circuit for inverting said digital electric 30 
signal; 

a second light emitting element for emitting a 
light in response to a digital electric signal 
which has been inverted by said NOT circuit; 
a first linearly polarizer for receiving a light emit- 35 
ted from said first light emitting element to gen- 
erate a linearly polarized light as its output; 
a first wavelength plate for receiving a linearly 
polarized light output from said first linearly po- 
larizer to generate a circularly polarized light or 40 
an elliptically polarized light as its output; 
a second linearly polarizer for receiving a light 
emitted from said second light emitting element 
to generate a linearly polarized light as its out- 
put; and 45 
a second wavelength plate for receiving a line- 
arly polarized light output from said second lin- 
early polarizer to generate as its output a circu- 
larly polarized light or an elliptically polarized 
light having a plane of polarization whose direc- so 
tion of rotation is different from that of the plane 
of polarization of the circularly polarized light or 
the elliptically polarized light output from said 
first wavelength plate; and wherein 

55 

said reception unit comprises: 
a third wavelength plate for receiving a circu- 



larly polarized light or an elliptically polarized 
light output from said first wavelength plate to 
generate a linearly polarized light as its output; 
a third linearly polarizer a rranged so as to allow 
a passage therethrough of only a linearly polar- 
ized light output from said third wavelength 
plate; 

a fourth wavelength plate for receiving a circu- 
larly polarized light or an elliptically polarized 
light output from said second wavelength plate 
to generate a linearly polarized light as its out- 
put; 

a fourth linearly polarizer arranged so as to al- 
low a passage therethrough of only a linearly 
polarized light output from said fourth wave- 
length plate; 

a first light receiving element for receiving a lin- 
early polarized light output from said third line- 
arly polarizer to convert it into an electric signal; 
a second light receiving element for receiving 
a linearly polarized light output from said fourth 
linearly polarizer to convert it into an electric 
signal; and 

a subtracter for receiving electric signals de- 
rived from said first and second light receiving 
elements to generate as its output a difference 
in level between said electric signals. 

1 5. An optical digital communication apparatus accord- 
ing to any one of claims 11 to 1 4, wherein 

said light emitting elements emit infrared rays 
and said light receiving elements receive infrared 
rays to convert them into electric signals. 

16. An optical digital communication apparatus accord- 
ing toany one of claims 11 to 14, further comprising: 

a condenser in the shape of a truncated cone 
or a truncated pyramid having a bottom as a 
light entrance port and a top as a light exit port 
smaller in area than said entrance port, at least 
the inside of side faces of said condenser serv- 
ing as a light reflective face, and wherein 
said light receiving elements are positioned at 
said exit port of said condenser. 

17. An optical digital communication apparatus accord- 
ing to any one of claims 11 to 1 4, further comprising. 

a condenser in the shape of a truncated pyra- 
mid having a square or rectangular bottom as 
a light entrance port and a square or rectangu- 
lar top as a light exit port smaller in area than 
said entrance port, at least the inside of side 
faces of said condenser serving as a light re- 
flective face, and wherein 
said light receiving elements are positioned at 
said exit port of said condenser 
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1 8. An optical digital communication apparatus accord- 
ing to any one of claims 11 to 1 4, further comprising: 



a condenser made of a translucent material 
having a predetermined refractive index, said 
condenser shaped into a truncated cone or a 
truncated pyramid having a bottom as a light 
entrance port and a top as a light exit port small- 
er in area than said entrance port, the inside of 
side faces of said condenser serving as a light 
reflective face, and wherein 
said light receiving elements are positioned at 
said exit port of said condenser. 

20. An optical digital communication apparatus accord- 
ing to any one of claims 11 to 1 4, further comprising: 

a condenser made of a translucent material 
having a predetermined refractive index, said 
condenser shaped into a truncated cone or a 
truncated pyramid having a bottom as a light 
entrance port and a top as a light exit port small- 
er in area than said entrance port, the inside of 
side faces of said condenser serving as a light 
reflective face, the face of said entrance port 
comprised of at least one outwardly protruding 
face whose profile varies in a predetermined 
linear or parabolic form, and wherein 
said light receiving elements are positioned at 
said exit port of said condenser. 

21. An optical digital communication apparatus accord- 
ing to any one of claims 1 1 to 1 4, further comprising: 

a condenser shaped into a truncated cone or a 
truncated pyramid having a bottom as a light 
entrance port and a top as a light exit port small- 
er in area than said entrance port, at least the 
inside of side faces of said condenser serving 
as a light reflective face : and wherein 
said light receiving elements are positioned at 
said exit port of said condenser, with said light 
emitting elements positioned apart inside from 
both said exit port and said side faces by a pre- 
determined distance so as to allow a light to be 



directed toward said entrance port. 

22. An optical digital communication apparatus accord- 
ing to any one of claims 11 to 1 4, further comprising: 

a condenser shaped into a truncated pyramid 
having a square or rectangular bottom as a light 
entrance port and a square or rectangular top 
as a light exit port smaller in area than said en- 
trance port, at least the inside of side faces of 
said condenser serving as a light reflective 
face, and wherein 

said light receiving elements are positioned at 
said exit port of said condenser, with said light 
emitting elements positioned apart inside from 
both said exit port and said side faces by a pre- 
determined distance so as to allow a light to be 
directed toward said entrance port. 

20 23. An optical digital communication apparatus accord- 
ing to any one of claims 11 to 1 4, further comprising: 

a tubular condenser shaped into a hollow trun- 
cated cone or a hollow truncated pyramid hav- 
25 ing a bottom as a light entrance port and a top 

as a light exit port smaller in area than said en- 
trance port, the inner side faces of said con- 
denser serving as a light reflective face, and 
wherein 

30 said light receiving elements are positioned at 

said exit port of said condenser, with said light 
emitting elements positioned apart inside from 
both said exit port and said side faces by a pre- 
determined distance so as to allow a light to be 
35 directed toward said entrance port. 

. 24. An optical digital communication apparatus accord- 
ing to any one of claims 11 to 14, further comprising: 

40 a condenser made of a translucent material 

having a predetermined refractive index, said 
condenser shaped into a truncated cone or a 
truncated pyramid having a bottom as a light 
entrance port and a top as a light exit port small- 

45 er in area than said entrance port : the inner side 

faces of said condenser serving as a light re- 
flective face, and wherein 
said light receiving elements are positioned at 
said exit port of said condenser, with said light 

50 emitting elements positioned apart inside from 

both said exit port and said side faces by a pre- 
determined distance so as to allow a light to be 
directed toward said entrance port. 

•55 25. An optical digital communication apparatus accord- • 
ing to any one of claims 11 to 1 4, further comprising: 

a condenser made of a translucent material 



a tubular condenser in the shape of a hollow 
truncated cone or a hollow truncated pyramid s 
having a bottom as a light entrance port and a 
top as a light exit port smaller in area than said 
entrance port, the inner side faces of said con- 
denser serving as a light reflective face, and 
wherein w 
said light receiving elements are positioned at 
said exit port of said condenser. 

1 9. An optical digital communication apparatus accord- 
ing to any one of claims 1 1 to 1 4, further comprising: is 



30 



19 



BNSDOOD: <EP 0851613A2J_> 



37 EP 0 851 613 A2 38 

having a predetermined refractive index, said 
condenser shaped into a truncated cone or a 
truncated pyramid having a bottom as a light 
entrance port and a top as a light exit port small- 
er in area than said entrance port, the inside of $ 
side faces of said condenser serving as a light 
reflective face, the face of said entrance port 
comprised of at least one outwardly protruding 
face whose profile varies in a predetermined 
linear or quadratic form, and wherein io 
said light receiving elements are positioned at 
said exit port of said condenser, with said light 
emitting elements positioned apart inside from 
both said exit port and said side faces by a pre- 
determined distance so as to allow a light to be is 
directed toward said entrance port. 
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